Objective : The purpose of this study was to identify independent predictors of mortality and functional recovery in patients with primary intracerebral hemorrhage (PICH) and to improve functional outcome in these patients. Methods : Data were collected retrospectively on 585 patients with supratentorial PICH admitted to the Stroke Unit at our hospital between 1st January 2004 and the 31st July 2008. Using multivariate logistic regression analysis, the associations between all selected variables and 30-day mortality and 90-day functional recoveries after PICH was evaluated. Results : Ninety-day functional recovery was achieved in 29.1% of the 585 patients and 30-day mortality in 15.9%. Age (OR=7.384, p=0.000), limb weakness (OR=6.927, p=0.000), and hematoma volume (OR=5.293, p=0.000) were found to be powerful predictors of 90-day functional recovery. Furthermore, initial consciousness (OR=3.013, p=0.014) hematoma location (lobar, OR=2.653, p=0.003), ventricular extension of blood (OR=2.077, p=0.013), leukocytosis (OR=2.048, p=0.008), alcohol intake (drinker, OR=1.927, p=0.023), and increased serum aminotransferase (OR=1.892, p=0.035) were found to be independent predictors of 90-day functional recovery after PICH. On the other hand, a pupillary abnormality (OR=4.532, p=0.000) and initial unconsciousness (OR=3.362, p=0.000) were found to be independent predictors of 30-day mortality after PICH.
INTRODUCTION
Primary intracerebral hemorrhage (PICH) accounts for 10-15% of all strokes and 78-88% of intracerebral hemorrhage 35) . Unlike the declining mortalities of subarachnoid hemorrhage and arteriovenous malformation associated with improvements in surgical and critical care techniques, morbidity and mortality after PICH have remained substantially unchanged for decades 29) . PICH is defined as bleeding into the brain parenchyma without a definite secondary cause. This intraparenchymal bleeding results from the rupture of any of the small penetrating arteries that originate from basilar arteries or from the anterior, middle, or posterior cerebral arteries 28) . Despite the increasing prevalence of ischemic stroke attributed to a rapid westernization of lifestyle, PICH is still relatively common in South Korea and in other Far Eastern countries 23, 33) . Several studies have identified predictors of outcome in PICH patients 4, 9, 16, 19, 27, 31, 36, 45, 46) , but the majority of these have been performed in western countries or Japan. Therefore, the factors related to death and functional recovery after PICH in Koreans have not been well defined. To evaluate effective treatment strategies for PICH and to optimize the managements of individual patients in accord with established prognostic factors, it is essential that reliable predictors of death and functional outcome be identified. Using well-established potential prognostic variables of PICH obtained from the literature and the results of our analysis, we sought to identify independent predictors of death and functional recovery after PICH in the Korean population.
MATERIALS AND METHODS

Data collection
We retrospectively studied consecutive patients admitted to the Stroke Unit at our hospital (a university hospital, serving a population of 1,200,000 people) between 1st January 2004 and the 31st July 2008 with a diagnosis of PICH. For the purpose of this study, patients aged 40 and older were selected. We excluded patients younger than 40, because of the likelihood of a secondary cause of PICH. We also excluded patients with infratentorial hemorrhages, because in these patients small changes in size and location are believed to have a greater impact on survival than is the case for supratentorial hemorrhages. We extracted all patient-related data from a computerized database (PACS; mview TM , Marosis Corporation). Three clinical research coordinators independently extracted and recorded patient information using a structured form. To preserve patient confidentiality, patient identifiers were omitted from the collated data set. The Ethics Committee at our hospital approved this study. The inclusion criteria applied were; a diagnosis of PICH verified by computerized tomography (CT) or magnetic resonance imaging (MRI) and admission to the stroke unit within 24 hours of symptom onset. As recommended by the Stroke Council of the American Heart Association (SCAHA) 6) , selected patients underwent conventional angiography to identify secondary causes of intracerebral hemorrhage. Patients with hemorrhage secondary to head trauma, a ruptured cerebral aneurysm, an arteriovenous malformation, a tumor, bleeding diathesis, or a hemorrhagic infarction were excluded. Patients with a severe neurological handicap (Modified Rankin Scale 43) score 4, 5) due to previous stroke were also excluded. After applying these selection criteria, 585 patients were included in this study.
Selection of prognostic variables
Of the baseline variables recorded, we selected the following because according to literature on the subject they were considered the most relevant potential prognostic indicators; 4, 9, 16, 27, 31, 36, 46) age, sex, cigarette smoking and alcohol intake histories, body mass index (BMI), level of consciousness, pupillary abnormalities, limb weakness, Glasgow Coma Scale (GCS) 38) , hemorrhage side, location of hemorrhage, volume of hematoma, midline shift, presence of ventricular extension of hemorrhage (IVH), white blood cell (WBC) count, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), serum glucose, and platelet count. Blood pressure at admission was not taken into account as a prognostic variable, because it is often markedly elevated during the first 1-2 days after a severe stroke. Analysis was performed to search for relations between the selected prognostic variables and outcome. Historical features were dichotomized as present or absent; these included history of current smoking (≥10 cigarettes/day, ≥6 months), and alcohol intake (≥46 g/day, 3 days/week) 18) . Clinical variables included BMI (weight in kilograms divided by height in meters squared, kg/m 2 ), pupillary abnormalities at admission (scored as 0, 1, or 2 for pupil reactivity), initial GCS score (dichotomized as 3-8 and 9-15), and limb weakness (moderate or severe hemiparesis (0-3/5)). Level of consciousness at admission was assessed using the Reaction Level Scale (RLS) 37) or the GCS. For statistical analysis, patients were dichotomized as conscious or unconscious on admission (Table 1) . We also extracted and dichotomized laboratory parameters on admission as elevated or not increased. These parameters included; AST, ALT, serum glucose, WBC count, and platelet count (decreased or not). All CT variables were available for analysis, that is, hemorrhage side (left, right, or central), location of hemorrhage (basal ganglia, thalamus, or lobar), volume of hematoma (mL), lateral shift of cerebral midline structures (<5 mm and ≥5 mm), and ventricular extension of the hemorrhage. Hematoma volume was estimated from the CT scans by using the formula A×B ×C/2, where A is greatest diameter on the largest hemorrhage slice, B is the maximal diameter perpendicular to this, and C is the vertical depth of the hematoma 24) . Hematoma volumes were classified as; <30 mL, 30-59 mL, and ≥60 mL.
Hospital course and assessment of outcome
Patients were treated according to the treatment algorithm used at the author's institution. Surgical intervention was undertaken in selected patients with a moderate or large amount of lobar hemorrhage and clinical deterioration, in patients with basal ganglionic or thalamic hemorrhage when hematoma volume was >30 mL, the hematoma was expanding, or when there was evidence of progressive neurological deterioration. Surgical approaches were individualized based on the site and size of the PICH. The techniques utilized included craniotomy (CO), craniectomy (CE), CT-guided stereotactic hematoma evacuation, and/or extraventricular drainage (EVD). Patients with deep seated PICH usually underwent stereotctic evacuation when hematoma volume was 30-60 mL on preoperative CT scan. After initial aspiration and evacuation of hematoma were performed, the patient was taken for repeated CT scan to check catheter placement. Injection of 6,000 U of urokinase was done through the catheter to facilitate aspiration and the CT scan was repeated 12 hours later. This process was repeated every 12 hours until 80% of hematoma was evacuated. However, patients with hemorrhages (10-30 mL) and severe neurological deficit (limb weakness) were also treated by stereotactic evacuation. Otherwise, when hematoma volume was >60 mL, hematoma evacuation was performed via craniotomy or decompressive craniectomy. The attending neurosurgeon decided whether to implant the bone flap (CO or CE) depending on the intra-operative presence of cerebral swelling after removal of PICH. EVD was done alone or combined with open surgery or stereotactic evacuation for intracranial pressure (ICP) control, particularly in the setting of hydrocephalus or intraventricular hemorrhage. When an intraventricular catheter was used to monitor ICP, CSF drainage could be accomplished by intermittent drainage for short periods in response to ICP elevation. All patients (medical and surgical) were cared for in a neurosurgical intensive care unit until they were considered stable enough to move to a general unit. Treatment was administered according to current practices at university hospitals, but was not rigidly regimented, and primary attending neurosurgeons were allowed to exercise medical judgment. Hypertension was regulated early in the course of therapy, by setting a target maximal systolic blood pressure (SBP) to maintain SBP at under this level. During the first 24 hours, Labetalol was initial agent to keep the SBP <160 mmHg, with the understanding that sometimes labetalol can lead to bradycardia, which can be dose limiting, so we moved to hydralazine. We also used continuous intravenous antihypertensive therapy, using nicardipine or nitroprusside in the event that we were unable to control blood pressure despite using labetalol and hydralazine. During the next 48 to 72 hours, target SBP were usually set at 140 mmHg and we initiated oral antihypertensives after we achieved to maintain SBP at under this level. We also used a hypertonic agent (mannitol) when the CT scan indicated mass effect or clinical symptoms showed IICP signs. Mannitol was administered initially 0.6 to 1.0 g/kg intravenously, followed by 0.25-0.5 g/kg every 4 hours for 4 days, tapered in the next 2 days. Replacement therapies such as fresh frozen plasma, prothrombin complex concentrate, and factor IX concentrate were used to enhance hemostasis in coagulopathic PICH patients, such as those treated with warfarin. Cryoprecipitate was specifically used to enhance hemostasis in patients with hypofibrinogenemia, and aminocaproic acid, tranexamic acid, and activated recombinant factor VII (rFVIIa) were used in patients with normal coagulation. Treatment included invasive monitoring of ICP when indicated. In the presence of an ICP monitor (infrared parenchymal catheter, Camino, Integra Life Science Corporation, Plainsboro, NJ, USA), ICP elevation was defined as >20 mmHg and cerebral perfusion pressure was maintained at 70 to 100 mmHg. However, we surprisingly found that ICP monitoring was performed in a few patients, who usually showed a GCS score of 8 or lower.
Patients were followed up for 90 days after PICH, and outcomes were assessed as mortality at 30 days after symptom onset (post-PICH). The functional statuses of patients that survived for more than 90 days post-PICH were assessed using the Modified Rankin Scale (MRS) 43) as follows : no symptom (MRS 0), symptomatic but no disability (MRS 1), mild disability (MRS 2), moderate disability with independent walking (MRS 3), severe disability (MRS 4), bedridden state (MRS 5), and death (MRS 6). For statistical purposes, patients were assigned to two outcome category groups, namely, the "functional recovery" group (MRS 0, 1, 2, 3), members of which were functionally independent, and the "nonfunctional recovery" group (MRS 4, 5, 6) who were functionally dependent or worse. Information on mortality and functional outcome were categorized using medical records, information obtained from family members by phone interviews, and by direct examinations of patients at our outpatient department after discharge.
Statistical analysis
Our primary aim was to investigate associations between selected variables and 30 day mortality and 90 day functional recovery. Univariate analysis was used initially to identify possible relations between outcome and each of the potential prognostic factors using the Chi-square test. Statistical significance was set at p<0.05. Subsequently, multivariate logistic regression analysis was used to identify those variables that were independently associated with functional recovery (FR) and mortality. p values of <0.05 were considered statistically significant, and the analysis was performed using SPSS Ver. 12.0 for Windows.
RESULTS
Five-hundreds and eighty-five eligible records were identified and analysed during the course of this study. Of the 585 patients, 288 (49.2%) were male and 297 (50.8%) were female.
Mean patient age was 63 ±12 years (range 40 to 97 years). The mortality rate at 30 days after PICH was 15.9% (n=93), and 99 deaths (16.9%) occurred at ≤90 days. The FR rate at 90 days was 29.1% (n=170). Hematoma locations were basal ganglia in 55.2%, thalamus in 26.7%, and lobar in 18.1%. The mean admission GCS score was 11 (range from 3 to 15). Of the 585 patients, 236 (40.3%) underwent surgery and 349 (59.7%) received initial conservative treatment. The most frequently used surgical technique was CT-guided stereotactic hematoma evacuation (36.4%).
Thirty-day mortality
Univariate analysis showed that following variables were significantly associated with death during the first thirty days after PICH (Table 2) ; unconsciousness at admission, bilateral nonreactive pupils, limb weakness, a GCS score at admission of ≤8, a hematoma volume >60 mL, midline shift >5 mm, ventricular extension of blood, a WBC count >10×10 3 /µL (leukocytosis), serum glucose level >120 mg/dL (hyperglycemia), and no history of alcohol intake (non-drinker). It was observed that those treated surgically group (a hematoma volume >60 mL and/or GCS score at admission of ≤8) had higher 30-day mortality (22.9% versus 11.2%) than those treated conservatively (p=0.000). Of the 45 patients that underwent EVD alone, 19 (42.2%) died within 30 days (p= 0.000). However, time elapsed from onset to surgery (dichotomized as <24 hours and 24 hours≤) was not found to be related to outcome (Table 3) . Multivariate logistic regression analysis was performed on variables identified by univariate analysis results and on those mentioned in the literature. Results are presented in Table 4 . Multivariate analysis showed that a pupillary abnormality (bilateral nonreactive) and initial unconsciousness were independently associated with 30-day mortality, and that ventricular extension of blood was of borderline significance (p=0.068, OR=1.713). GCS score was found to be a highly significant predictor of 30 day mortality by univariate analysis, but because it was dependent on initial level of consciousness and possibly with hematoma volume, we did not include GCS score as a variable in the multivariate analysis to avoid multi-collinearity.
Ninety-day functional recovery
At 90 days, there were 486 survivors (83.1%), and of these 170 (29.1% of all patients) achieved FR (MRS 0, 1, 2, 3) and 316 (54.0%) had moderately severe to severe disability (MRS 4, 5). Of the selected variables, following were found to be significantly associated with FR by univariate analysis (Table 2) ; an age of ≤54, alcohol consumption (drinker), maintained initial consciousness, bilateral reactive pupils, the absence of limb weakness, a GCS score of >9, hematoma side (left), hematoma location (lobar), a hematoma volume of <30 mL, a midline shift of <5 mm, the absence of ventricular extension of blood, the absence of leukocytosis, AST (not increased), and the absence of hyperglycemia. It was also observed that surgically treated group (a hematoma volume >60 mL and/or GCS score at admission of ≤8) had a lower 90-day FR rate than those treated conservatively (16.1% versus 37.8%) (p=0.000) ( Table 3) . Multivariate logistic regression analysis showed that the following 9 admission variables were independently associated with FR at 90 days post-PICH (Table 5) ; an age of ≤54 years, absence of limb weakness, a hematoma volume of <30 ml, maintained initial consciousness, hematoma location (lobar), the absence of ventricular extension of blood, the absence of leukocytosis, alcohol consumption (drinkers), and a non-elevated AST. GCS score was found to be a highly significant predictor of 90 day FR by univariate analysis, but for the reasons mentioned above was not included in multivariate analysis.
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DISCUSSION
Previous surveys, have found that 30-day mortality rates range from 35% in Australia 1) , 44% in the United States 7) , and up to 51% in France 15) , England 3) , and Finland 13) . Surprisingly, a recent study conducted by Inagawa et al. 19) in Japan returned a 30-day mortality rate after PICH of only 14%. Our overall 30-day mortality rate of 15.9% is similar to that reported by Inagawa et al., and is substantially lower than those reported in western countries 17, 39) . The reasons for this low mortality rate are not clear, although it has been suggested that the hospital-based approach used in the present study meant that subjects who died before hospital admission were not included. Initial early withdrawal of support in the emergency room, especially for elderly and poor grade patients, and the exclusion of infratentorial PICH from data set, because infratentorial PICH is known to have a poorer outcome than supratentorial PICH, might also explain our low 30-day mortality rate.
Old age, disturbed consciousness, a low GCS score, hematoma volume, intraventricular and subarachnoid spread of blood, midline shift, narrow pulse pressure, high pulse pressure, and high blood glucose levels have all been identified as independent predictors of early death in other studies 9, 11, 14, 34, 40) . In the present hospital-based study, an initially disturbed consciousness and bilateral nonreactive pupils were found to be independent predictors of 30-day mortality. In particular, level of consciousness on admission has been reported to be one of the most important independent predictors of 30-day 36) , 1-year 31) , and all in hospital mortalities 4) . Other studies 12, 40) have used GCS to assess level of consciousness. In the present study, we found a similar relation between GCS and level of consciousness graded simply as conscious or unconscious, as described in the RLS 11, 37) . In addition to initial unconsciousness, bilateral nonreactive pupils emerged as an independent predictor of 30-day mortality. However, a pupillary abnormality per se was not found to be an independent predictor of 90-day FR by multivariate logistic regression analysis.
Ventricular extension of blood (IVH) was not found to be an independent predictor of 30-day mortality, but did show borderline significance (p=0.068, OR=1.713). The literature is inconsistent regarding the predictive value of IVH, that is, some authors have demonstrated a clear association between IVH and mortality rate using multivariate analysis 11, 27, 34, 48) , whereas others have failed to do so 14, 19, 20) . Nevertheless, in the present study, IVH was found to have significant role in predicting the 90-day FR. No generally accepted explanation for the adverse effects of IVH has been proposed, though it may be related to the development of obstructive hydrocephalus 42) or the direct mass effect of ventricular blood on periventricular structures and associated global hypoperfusion of the overlying cortex 30) . Although age was not found to independently influence mortality at 30 days, an age of <55 was found to be a strong independent predictor of FR at 90 days. A similar correlation between age and long-term (1 or 2 years), but not short-term mortality rates, has been previously reported 11, 14, 18) . Elderly people may sustain more serious neurological injuries after PICH, and in one randomized controlled trial, in which surgery was compared with medical management, it was found that the benefit of surgery in terms of quality of life is limited to patients aged less than 60 2) . However, it is also possible that the withdrawal of care may have influenced prognosis in elderly patients 5, 16) . Hematoma volume was not found to be an independent predictor of 30-day mortality in the present study, whereas it has been identified as a powerful predictor of mortality in most recent studies 40, 48) . On the other hand, hematoma volume was found to be an important independent predictor of FR in the present study, which is in-line with previous studies 14, 31, 36) . Increased intracranial pressure and cerebral edema associated with initial hematoma volume may influence outcome. However, direct comparisons between the present and previous studies are difficult, because the specific volume cut-off points used (30 mL 36) , 40 mL 14) , and 60 mL 31) ) and the methods of measurement varied. In the present study, lateral shift of midline structures in supratentorial hematomas was found to be closely correlated with hematoma volume, but it was not found to have any independent predictive value with respect to outcome.
It is known that alcohol intake is associated with an impaired outcome after hemorrhagic stroke 8, 20, 47) . However, unexpectedly, in the present study, patients who consumed alcohol (drinkers) were found to have a lower mortality rate (p=0.049) and a higher FR rate (p=0.001) by univariate analysis. Furthermore, alcohol consumption was found to be an independent predictor of FR by multivariate logistic regression analysis. Ikehara et al. 18) recently reported that heavy alcohol consumption (>46 g of alcohol per day) is associated with increased mortality for all strokes (particularly hemorrhagic stroke), for total cardiovascular disease in men, and for coronary heart disease in women, but added that light to moderate drinking (<23 g of alcohol per day) may be associated with reduced mortality from cardiovascular disease in both sexes. Direct comparisons between our results, which were obtained in a Korean population, and Japanese or western results are difficult. We suggest that a further evaluation of the relation between alcohol intake and PICH outcome is warranted.
In the present study, multivariate analysis showed that initial consciousness is a powerful predictor of 30-day mortality and 90-day FR. In fact, 39.8% of patients that were presented in an unconscious state died within 30 days of PICH, and only 5.8% achieved FR after 90 days. Furthermore, it has also been reported on several occasions that level of consciousness is consistently associated with outcome after PICH 32, 44, 45) . Limb paresis was not found to be an independent predictor of 30-day mortality, but was found to powerfully predict 90-day FR (p=0.000, OR=6.927). This finding has been reported previously 11) but the literature is inconsistent on the topic. We believe that limb paresis is an important factor, not only because of its statistical significance, but also because of its importance as a clinical marker of tissue destruction. Furthermore, a small hematoma located in an eloquent parenchymal area obviously has the potential to cause severe hemiparesis and sustained disability.
Hematoma location was also identified as an independent predictor of 90-day FR after PICH, and patients with lobar hemorrhage (including subcortical hemorrhage) had the highest rate of FR (38.7%). However, relatively few studies have demonstrated that hematoma location is an independent prognostic factor by multivariate analysis 20) , though one study found that subcortical hemorrhages are associated with a better prognosis than ganglionic or thalamic hemorrhages 31) . In our series, univariate analysis showed that those who underwent surgery had a significantly lower rate of 90-day FR and a higher 30-day mortality rate than those who received initial conservative treatment. However, we do not consider that these results mean that initial conservative treatment is a better treatment option than surgery in patients with PICH, because significantly more of those treated surgically had clinical signs of herniation with neurological deterioration, which is likely to have affected outcome, and because those with a lower preoperative GCS score and with large PICH amount tended to be treated surgically. It is also clear that in this retrospective study, we cannot compare the operated and non-operated groups because, by definition, there are biases of selection. For example, the choices of operation depended on the neurosurgeons' preference and early withdrawal of care was not uncommon. Nevertheless, the debate regarding surgical versus medical management is likely to persist 6, 29, 44) . However, if very early surgery can remove most of the original hemorrhage with minimal additional tissue damage, edema development and the mass effect can be reduced, white matter injury prevented, and clinical outcome improved in some patients 2, 41) .
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In the present study, initial WBCs count and serum AST were found to be independent predictors of 90-day FR by multivariate logistic regression analysis. Clark et al. 10) reported that indicators of an acute phase response (interleukin-6, fibrinogen, WBC, and serum albumin) in stroke patients free of apparent infections are highly correlated with stroke recovery. Furthermore, liver enzymes are known to be associated with several cardiovascular risk factors 22, 25, 26) . Kim et al. 21) reported that PICH risk in the Korean population is more closely related with aminotransferase level than with alcohol consumption. However, no reports have been issued that claim clear relationships between liver enzyme and prognosis in PICH. Accordingly, the prognostic value of WBC counts and liver enzyme levels in PICH patients evidently require further evaluation.
It was somewhat surprising to find that age, limb weakness, and hematoma volume were substantially more powerful at predicting FR (p=0.000, OR>5.0) than the other independent prognostic variables examined, despite the fact that they were not found to be independent predictors of 30-day mortality. The relationships identified during the present study could be used to answer management-oriented questions regarding PICH. During the acute stage, every effort should be made to salvage those that present in an unconsciousness state or with nonreactive pupils, regardless of age, hematoma volume, and other factors. Furthermore, for those that survive the acute stage, intensive management of the complications associated with a poor general condition and early rehabilitation are required to induce rapid functional independence. It has been suggested that early death is most directly related to hemorrhage severity, e.g., initial level of consciousness or hematoma volume, whereas long-term morbidity and mortality rates are determined more by general condition, immobilization-associated complications, and increasing age 31) . It is hoped that taking into account the predictors for mortality and functional recovery identified in the present study, individual patient management can be better optimized and outcomes improved.
CONCLUSION
In this hospital-based study of Korean PICH patients, it was found that age, limb weakness, and hematoma volume much more powerfully predict FR than the other independent predictors examined, and that initial consciousness and a pupillary abnormality are independent predictors of early mortality. WBC counts and serum AST levels were also found to be independent predictors of FR after PICH, though further evaluation of these relations is needed. We hope that the predictors of mortality and FR after PICH in the Korean population identified in this study will assist during clinical decision-making, when advising patients or family members regarding prognosis, and during the implementation of intervention trials in PICH.
